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(54) FREE-CUTTING STEEL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an inexpensive nonleaded free-cutting steel having 
machinability equal to that of a free-cutting leaded resulfurized steel. 

SOLUTION: This free-cutting steel has a composition which consists of, by weight, 0.05-0.30% 
C, <O.10% Si, 0.85-2.00% Mn, 0.020-0.20% P, >0.50-0.80% S, 0.0030-0.0200% N, 0.0050-0.0350% 0 
(oxygen), <0.30% Cu, <0.30% Ni, <1.5% Cr, <0.2% Mo, <0.10% Al, <0.50% Bi. <0.10% Te, <0.05% Ca, < 
1.00% Ti, <0.50% V, <0.0050% B, and the balance Fe with inevitable impurities and in which the 
value of Mn(%)/S(%) is regulated to >1.70. 
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(57) [3?»] 

[KB] P'b*1ftHI«|tH»o«B!ttft*r-BPb#*- 

[**?a] fi*%T, C: 0. 0 5~0. 30%, S 
i^O. 10%, Mn : 0. 85~2. 00%, P: 
0. 0 2 0~0. 20%. S : 0. 50£j@;tTO. 8 
0%£TF, N : 0. 0 0 3 0~0. 0 2 0 0%, O (S? 
m) : 0. 0 0 5 0~0. 0 3 5 0%, Cu^O. 30 
%, Ni^O. 30%, Cr^l. 5%, Mo^O. 2 
%, Al^O. 10%, Bi^O. 50%, Te^O. 
10%, Ca^O. 05%, Ti^l. 00%, 
0. 50%, B^O. 0 0 5 0%££#U SBKteFe 

Ris^m^mm^fs.*), sic, Mn (%) /s 

(%) OfidU. 7 0K±T?»5RIMi. 
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1 ] £4%T, C:0. 05-0. 30%, S 
i : 0. 1 0%.£UF, Mn:0. 8 5-2. 0 0%, 
P:0. 0 2 0~0. 20%, S:0. 5 0 5git 
0. 8 0%OT, N: 0. 0 0 3 0~0. 0 2 0 0%, 
O : 0. 0050~0. 0350%, Cu: 

0.30 %.WT. N i : .0 . 30 %MT, C r : 1 . 5 
%JWT, Mo : 0. 2%&T, A 1 : 0. 1 0%«T, 
B i : 0 . 5 0 %RT. T e : 0 . 10 %«T> C a : 
0.05 %^T. T i : 1 . 00 %&T, V : 0 . 5 0 10 
%£^T, B : 0 . 0 0 5 0 X£TF*£tfU 38ttF e 

fnlOlAU. 7 OfcLtTft-S&BiJiH. 
f n 1 =Mn (%) /S (%) ® 

[fg"8©l«ffl&M 

[0 0 0 1] 

[0 0 0 2] 

fc<fc?T, S (fkM) ^, Pb (&) I, S-Pbl, 
Cal, S-Pb-Caj; T i ft. JftttSft^tC^M 

Lft< £t>«*©PbSSSlnLfcPb*ttlW»£H*© 

[0 0 0 3] m7L\mfflW6 3-24111 3*|&f8, 
#Wl- 1 8 8 6 2 2^i, #W2-24 3 7 1 30 
4^4MR, #If5-34 5 9 5 1^il:, Pb&i 

*> P b ^fcB'JSH t H*©«IHtt**5fe£ LTfit £T'#£ 1 
[0 0 0 4] 

[5Bw^«*u«t5tr*«ii] xmwnsmt, oa 

Pb*ttBiJ*tH^O«BlttS:*"rSPb**lllOtt»J 40 
[0 0 0 5] 

[0 0 0 6] "T^*.. rSft%T, C:0. 0 5~ 
0. 30%, S i : 0. 1 0%&T, Mn : 0. 8 5~ 
2. 00%, P : 0. 0 2 0-0. 20%, S:0. 5 
O^i^TO. 80%&T, N:0. 0 0 3 0~0. 0 
2 0 0%, O :0. 0 0 5 0-0. 0350 

%, Cu : 0. 3 0%S*T, N i : 0. 3 0 XfiTF. C 50 
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r : 1. Mo : 0. 2 %J^T, A 1 : 0. 1 
0 %&T, B i : 0 . 5 0 %£TF, T e : 0 . lOXH 
T, C a : 0. 0 5 XETF. T i : 1 . 0 0 %JWT, 
V:0. 5 0%STF. B:0. 0'0 5 0%STF£3W 
U 38«ttFe&tf*Tfl»;FiM&j&>S&D, MfC, TIB 
(DstTSSftSf nl©ttfl»l. 7 0«±TS^1 
31. fnl=Mn (%) /S (%) (Dj Tft 

to o o 7] *56^#e»«, Pb^asmb^tfea* 

OPb ^^ftlLfeP b^ftgiJSit^ro^B'Jtt^ff-r-S) 
MM§fcttBM!Sli»-r'<<, «S**»K:t3V>T«*IM# 
Lfc. *©**. TB©»JiS*§fc. 
[0 0 0 8] (a) S i ©■&#**«<»*. -BtifcK: 
?©£#*£**«:»{;:. S^Ii%T0. 5 0%£jg 
*T£WS-fr5£, O#©Pb£*r*#0. 0 5-0. 

[0 0 0 9] (b) KS*£;fcHTtt» Mn (%) /S 

(%) ©nan. 7 o*jd0*^jRwioitt©*ft*** 

Lt^tft, ±|BMn (%) /S (%) ©ffi/!>U. 7 0R± 

"e»ntf3ftnaitttra)itt*ir». 

[0 0 10] *KWtt±tt©$Dj|K:aS:*lr>T5£jicSttfc 
fc©Tft£. 
[0 0 11] 

[««©£«©»*] ^T. *»W©MMHC0HT* 

KBlflti. fls*rt#©#*«© r%j « ra 
*%j satyrs. 

[0 0 12] C : Cja»**»«TS©l£^aft7C*T 

»*. b*»u o. o 5 %*«iT«^iin«!) 

*fc£U». Mt, *%W3J©J:5^{£S i. i«P, K 
s«©«^icco^a* o. o 5X*iRfcf*c£tt 

n^KTyTtofc^S. — C£0. 3 0%$S^ 

T^*rs-e-*i«Bitt©ftT*«*i;. PbswiytBiH 

fO«lltt^SbTt«Tt/i^. Lfcd^T, C© 
^Pr«£0. 0 5-0. 3 0%£Lfc. 
[0 0 1 3] S i : if S-i«P£©Pb#gsDDS!II||ff 

tt4>ft<T-5&g#ftD, ftfc. f-®S#fttf0. 10 
%£j@*.-5 i. «Hdtt©ftT**»L<ttoTPb3RRBiJ 
fRtH*©«ffltt*»j^LTit«T#tt<&5. bfc«t 

[0 0 1 4] Mn : Mntt, KKflUll*&ft*X&ftf|i 

H\Z. 9JHiJtt*K»i)4fffflt)ft4. 
U •€•©##**» 0. 8 5X*HT?tti:5l/fc»ft}«» 
Kfr>. -J6F. Mn*2. 0 0%^Sx.T^W$-B-Tfc, 
■t©J»*ttffi»U 5 bfc 

^T, MnOStiSO, 85-2. OOSBtUfc. 

[0 0 15] P : Ptt, *»!ftit*K**ffffl(ClllA 
T, S i^tfi^O. 1 %JWTTS^Wtt*t0. 5%£ 
S^.*<£S l-*S*©WIWtt£#L<ffl±S-fr-&fMI 



(3) 

3 

€r#t§. Lri>U WSGMtfO. 0 2 0%*iitTtf 
WBBO«i**«flHilr». 0. 2 0 %£jg;fC^fr£ 

©£W*£0. 0 2 0-0. 2 0%<tbfc. 
[0 0 16] S : S(t Wffltt*l8l±;£tt*fMi*#T 
S. SiMMO. P£WS**0. 

0 2-0. 2 0X©ttS i-«P*©«JUtt&*#<K 
»«ffffl**"TS. b*>U PbftmtnWKDmS* S<D 

#ftftLT*ffT#ft<tt*. S©^<r*d«0. 10 

Lit. 

[0 0 17] N : Ntt, tSAtt$flUiftlxT|}ft«ntj> 

N<7>^#a£0. 0 0 3 OXRfc&r«&S;0*%«. ~ 
N£0. 0 2 0 0X*j8*T^#S-&Tt>, ^©xb 

NttMO. 0 0 30-0. 0 2 0 0% tLTz. 

[0018] o (mm) : oizmm*?kw-?z><D\z% 20 

^I^tc^T, CO»**+»5Sflr$-B-<5K:tt, 0. 0 0 
5 0%&,h<D^Mmtt 0*0. 
0 3 5 0 %*fflAT£wS-frTfc-*0»*tt-*-S. Lfc 

*^T, O©-g-#»£0. 00 5 0-0. 035 0%£ 

[0 0 19] Cu : CutttSWl/&<TfefiV». SsJUTt 
ntf. Ptttgftff£l4±3-B-*flUiltf&S. £©2&3l£5i 

££#££12. CuttO. o i%si±.<D<£Gmftz>z. 

JfcWiqUfeMfcTT*. lft#oT, Cu©^ 30 
g£0. 3 OX&Tibfc. 
[0 0 2 0] N i : N i tt«m Uft < T t> ft ^. SHUT 

fcfc-SKlWU NittO. 0 1 XSt±0*ff*t*-<&££ 

t. W»Jtt***l/<ttT-r«. Lfctf^T, NiOtt 
ft£0. 3 0%&T£b£. 

[0 0 2 1] Cr : C r tegsJnL&< T<b&V>„ SStp-r 
ntf!ISSK»*{rUB#i&*. £0j»*£*ISK:»-&K 

a. crteo. 0 i%&>±o)ttmt?zzti)m£L 40 

«L<<ST-r^>. CrOttitl. 5% 

[0 0 2 2] Mo : MottStDL&<T'b6lr». S'tOT 
fttf, N i £n*KWtt&fi±Stf*flUIJa»»-5. 

a***m:»*K!tt. Motto. oixeutoasra 
init«wsi/k w»u *©*mw*o. 2% 

[0 0 2 3] A 1 : A lttSSfllb&< Tt>fiV>. jsSitnT 50 
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AltfO. 01%Et±®Mii:nct*W*LK 

-tO^WS^O. lO^Jri^t, JRIB1PI 
tt^tTtS.'lfc^T, AlOttiSO. 10% 

[0 0 2 4] B i : B i tt*flql/&<T*>ft^. ^JPf 

HfcftSfctt, BittO. 0 1%£t±©tfiit'5u 
t^SlK b*»U Bi£0. 5 0%^Ttf 

5. Lfc39»-pT, BiCMMO. 5 0%£TF£:L 

[0 0 2 5] Te : TeH*l0U<ft)fiK jSilJ-f 

*lcj|5ttt, TetfO. OO5%E(±0$tii:n 
Uj5»U Te£0. lOX^mXTt 

*S. l/fctfoT. TeO^tiSO. 10%£*Ti:L 

[0 0 2 6] Ca : C a «»Lft< Tt>&V>. jUAnf 
ntf, <Sftltt*-R£Ka3fM!J&*fc*. 

CatfO. 0 0 0 5 X£U©£tf 
5Z.tfriif-$.LbK Lj1>U Ca£0. 0 5%£ig;iT 

tf^OT**. Lfc«bt, Ca©MM0. 05% 

[0 0 2 7 ] T 1 : T i tt*10b&<Tt>SH. %kM? 
ntf, «IHt*-ai*ft5ffI*»»5. £©3&3l£$t 

nt#5ttf, t i tf o . o 5x«±o^*»frac 

4. VtzifiiT, TiCtfiSl. 00%JKTtb 

[0028] v : vtt*anL£<Tt>Sfcv. sisjnTn 
co»**aiik:fiactt, vtto. 01% 

5 0X*a*T£W3l^CfciMe©»*ttfi»U 37. 

h^JStrtf^OTfeS. LfcAbT. v©^ra£o. 

5 0X£TF£Ufc. 

[0 0 2 9] B : BttjRmbft<Tt>fi^. ilBttl 
tf, «Antt*K»T3llflt*lft±***fPffl*«Jb*. d 
©5»**«*C#4t:tt, BtfO. 0 0 0 5%«l©t 
#fitf4J:t^SL/lr>. b^L-. B^O. 0 0 5 0 

tltf^0T»*. bfedioT, B©^fft£0. 00 5 
0%«T<hL^ o 

[0 0 3 0] f n 1 : Mm®£-C%2ri% f n 1 <7>ffi# 

i. 7 0*}®o«^, iniHiiitt«Dj(;ft«qrbv». tfc 

^T, fnldtl. 7 0«ltU;. fn 
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l©ffiG)±Kte4. OKjfil/MlT&^TfcffiJgttfc^. 
[0 0 3 1 ] KT, **«C«tO*5BW*»KKWr 

[0 0 3 2] 

mmm *i. «2K*rft*a«©**a*©*tt 
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[0 0 3 5] ^ViT. £ft£©8!©81«LS:l 2 0 0'Ct 
tia% t L1t&m®®&L, tt±tfi&&£ 1 0 0 Ottl 
T, fig 8 OmmTfiSAU 0 0 OmnKDft^&tfJP^ 
5 5mmTtI*U 6 Omm»S?«(3tt±tf . «8"Jtt©i¥ 40 

[0036] (i) mmu,® 

WCU&Bff39t8 OmmTfi^rtU 0 0 Omm©ft#$r 
mf&tttLT. f£5$;t>3: OmmmT. 9)!3Mi2m 
m. iiOftO. 2mm/rev. ®mm&8 Om/ft(D 

ft. 

[0 0 3 7] KMtttt. tt±tfffifi2 (R 

a) . mmtt mfttstm-tKDSU) -e 50 



mm t rn.mu.mt 1 0 0 smrsia 0 , 100^ 

#et± (^10 0) tbtzo 

[0 0 3 8] (2) KU^ftltKH 
WBbfcWS*»5 5mmTH**l 6 OmmOMSSfta 
tttLT, ftilglAS? Oigl2mmOK 
UJUMfcJHU **tt©iHflHW*ffllr»T. MOO. 0 4 
mm/rev, mm&4 7 m/ft<D&ft-em&<Dl$2 
-ft ft \z m £ 4 0 mm © A * $> It T K 'J ;V A * tttttt £ 

[0 0 3 9] KU^ft&ttttte, HU;W(F*. fifths 
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